Our study was conducted in the framework of EFFICOND 1 project, with the aim of evaluating the environmental effectiveness of GAEC (Good Agricultural and Environmental Conditions) standards with particular focus to the maintenance of soil organic matter (SOM) levels through the appropriate crop rotation. The study analyzed the effect of crop rotation on the build-up of soil organic matter in three different areas of Italy, located in the North (Lodi), Centre (Fagna, Firenze) and South (Foggia) of Italy, characterized by different climate, soil, and cropping systems. In the two experiments conducted in the South of Italy, in a dry Mediterranean climate, the stock of C was kept steady in most of the rotations compared with the monoculture of durum wheat. In such environment, with very dry and hot summers, introducing a year of fallow seems to improve SOM content, but these data need further investigation. In the Centre of Italy (Fagna), with less extreme climate than in Foggia, the effect of rotation compared to the monoculture of maize is negligible, but investigation on the soil organic matter composition, showed that in the rotation the SOM appeared to be more stable and, in the long term, probably more resistant to degradation. Eventually, experiments conducted in the North of Italy, showed that the monoculture, despite the application of FYM (Farm Yard Manure) or semi-liquid manure, led to a decrease of SOM. To an increase of the rotation complexity, corresponded an increase in the stock of C in soil. Summarizing, results showed that crop rotation could guarantee the maintenance of SOM level, given that the input of C to the soil is maintained at a good level or, in other word, that productivity of the system is high. Other practices such as conservation tillage, appropriate management of residues, and manure application could enhance the positive effect of rotations. Moreover, preliminary investigation of soil microbial diversity, suggests the positive effect of rotations on soil biological fertility.
Introduction
The importance of soil organic matter (SOM) for soil fertility is crucial. SOM maintains important soil functions with regard to habitat, biological diversity, soil fertility, crop production potential, erosion control, water retention, substance exchange between soil, atmosphere and water, and the filtering, buffering and transforming capacity (Huber et al., 2001; Kirchmann and Andersson, 2001) . Nowadays the importance of SOM and soil organic carbon (SOC) undergoes the agricultural sector, given that the large amount of SOC stored in soils could act on the balance of CO2 concentration and consequently on the global climate. The EU soil thematic strategy included the decline in organic matter, which might causes soil degradation among the major threats for soil in Europe (European Commission, 2006) . The importance of preventing soil degradation, or in other words, to reduce soil quality decline, is also recognized in the CAP (Common Agricultural Policy) reform and represents an important aspect of the so called "cross compliance" introduced in the Agenda 2000, and further developed in the 2003 CAP reform for all the Member States (art. 3-9, Council Regulation No 1782 /2003 .
EFFICOND (EFF = Effectiveness of environmental standards, COND = Cross compliance) is a CRA (Agricultural Research Council) project started in 2009 to meet the specific need of NRN (National Rural Network) to monitor and evaluate the effectiveness of environmental protection actions mandated by the CAP to national agricultural policy and implemented by the Regional Rural Development Plans (RDP). The main project objectives are the evaluation of GAEC standards implemented under cross compliance and the development of agri-environmental indicators for nation-wide scenario analysis. The EFFICOND project involves 10 operational units with experimental fields located throughout the country.
Briefly, it established that in order to get payments, farmers shall be compliant with i) existing and already implemented regulations or directives, the so-called Statutory Management Requirements (SMR; and ii) Good Agricultural and Environmental Conditions (GAEC) concerning several issues (soil, water and landscape protection) among which the maintenance of soil organic matter levels through appropriate practices is included. This issue was addressed through two main standards, the 2.1 concerns arable stubble management and 2.2 the appropriate crop rotation. About the real effectiveness of the standard 2.2 alone the scientific debate is still going on. Literature reporting the sole effect of rotations on SOC level is discordant on the effect of such management option. West and Post (2002) analyzing global data from 67 experiments found that enhancing rotation complexity (i.e. from monoculture to rotation, from crop-fallow to continuous cropping or increasing the number of crops in the rotation system) sequestered in average a very low amount of C (15±11 g C m -2 yr -1 ). Rotations including alfalfa (Medicago sativa), vetch (Vicia faba) (Masri and Ryan, 2006) , wheat-sunflower (Lopez-Bellido et al., 2010) significantly increased soil organic matter in Mediterranean climate in comparison with continuous wheat and wheat-fallow. In the Veneto Region (subhumid climate) only grassland and complex rotations were able to maintain the level of SOC respect to continuous monoculture (Morari et al., 2006) .
Our study was conducted in the framework of EFFICOND project, which had the objective of evaluating the environmental effectiveness of GAEC (Good Agricultural and Environmental Conditions) standards through the experimental results of some Italian case studies.
This specific research had the aim of evaluating the influence of crop rotations on soil organic matter content and the degree of effectiveness of the standard 2.2, in order to give both an evaluation of the standard in relation to the objective of soil organic matter maintenance and, secondly, to suggest possible modifications of the standard 2.2 to help preventing soil organic matter depletion. Hence our research analyzed the effect of crop rotation on the build-up of soil organic matter in three different areas of Italy, located in the North (Lodi), Centre (Fagna, Firenze) and South (Foggia) of Italy, characterized by different climate, soil, and cropping systems.
Finally, since a key role in driving SOM turnover rate is played by soil microorganisms, as part of the biological systems of soil processes regulations (Vance et al., 1987) , in some sites (Lodi and Fagna) an additional preliminary investigation was carried out on the size and activity of the soil microbial biomass pool, in order to highlight possible side effects of crop rotations on soil microbial resources through the evaluation of soil biological fertility.
Materials and Methods
The selected experimental sites were i) Lodi, representing the most productive Italian agricultural area of Northern Italy; ii) Foggia (Apulia), representing typical dryland agricultural systems of the Mediterranean areas; and iii) Fagna (Tuscany), representing the typical conditions of the central Italy Apennine hilly area.
Lodi (Lombardy)
Data were collected from two long-term experiments, conducted in the experimental farm of the Research Centre for Fodder Crop and Dairy Productions CRA-FLC, situated in Lodi, Lombardy, 45°19′ N, 9°03′ E. The climate is sub-continental with a mean annual rainfall of 800 mm and a mean temperature of 12.2°C (Borrelli and Tomasoni, 2005) . The soil is a Typic Haplustalf coarse-loamy, mixed, mesic (Soil Survey Staff, 1999) and has a medium-low organic matter content, a subacid reaction, with sufficient available phosphorous and a low potassium content (Confalonieri and Bechini, 2004) . Details of initial soil characteristics are reported in Table 1 .
In the first experiment the following rotations were compared: i) a 1-year rotation Italian ryegrass, (Lolium multiflorum Lam.) -silage maize, (Zea mays L.) (two crops in a year) (R1); ii) a 3-year rotation with maize, silage barley (Hordeum vulgare L.) -silage maize and Italian ryegrass-silage maize (R3); iii) a 6-year rotation (3 years of Italian ryegrass-silage maize and 3 years of meadow) (R6); a continuous maize (CM) and a permanent meadow (PM). For each rotation two different management schemes were applied: i) usual management practices (High Input, HI); ii) low input (LI) with management practices reduced by 30% respect to HI and, solely for double crops a reduction of soil disturbance. The experimental factors (rotation and management practices) are arranged in a strip-split-plot design with three replicates. The 72 elementary plots are 60 m 2 (10 m × 6 m) wide.
In the second experiment we compared two forage systems with and without alfalfa, including different nitrogen application and manure application, farm yard manure (FYM) and semi-liquid manure (SLM). The system used as reference is a high input one with a 1-year rotation with double cropping of Italian ryegrass (Lolium multiflorum Lam.) followed by a silage maize (R1), and the more sustainable system is a 6-year rotation with I. ryegrass-silage maize for three years followed by three years of alfalfa (R6) under four fertilization treatments: two different manures (solid and liquid, applied before ploughing) with or without top-dressed urea (not applied to alfalfa). Plots are 10¥15 m. The experimental design is a strip-split-plot with three replications.
Soil samples were taken at 30 cm depth and analyzed main chemical-physical characteristics and soil biological fertility. Details of the complete experimental design, and results were described within the FERSOIL project (Regione Lombardia, 2009 ).
Foggia (Apulia)
Two different experiments were carried out in this area. The climate is classified as an accentuated thermomediterranean (Unesco-FAO, 1963) , with a dry season between May and September and the possibility of frost in March-April (Troccoli et al., 2007) . The area is characterized by an average annual temperature of 15.8°C, with monthly means (Rinaldi, 2001 ). The experimental layout was a splitsplit plot with three replications and the following treatments: tillage depth (L1, traditional to 40-45 cm; L2, shallow to 20-25 cm), rotation (CW, continuous wheat; WLg, two-year rotation of durum wheat with annual leguminous), residue management (T1, burning of crop residues; T2, incorporation with 100 kg N ha -1 to crops as top dressing; T3, incorporation with 50 kg N ha -1 on residues and 50 kg N ha -1 as top dressing; T4, incorporation with 100 kg N ha -1 as top dressing). In order to verify the effects of 19 years of consecutive treatments, soil samples were taken on 19 March 2009 and the following parameters were measured: total nitrogen (N Tot) according to the official methods of soil analysis (MIPAF, 2000) , available phosphorus (P2O5) according to the official methods of soil analysis (MIPAF, 2000) , exchangeable potassium (K), sodium (Na), calcium (Ca), magnesium (Mg), total organic carbon (TOC) according to the official methods of soil analysis (MIPAF, 2000) , total extracted carbon (TEC) and humic and fulvic acids (HA+FA), according to the official methods of soil analysis (MIPAF, 2000) . All the data were subjected to analysis of variance and several tests (like Least Significant Differences and Orthogonal Contrasts Method) were applied to test the statistical significance between the means of treatments and their interactions.
Article

Fagna, Florence (Tuscany)
The experimental area is located in Fagna, near Scarperia (43.98°N and 11.34°E) on a farm of the Research Institute for Agrobiology and Pedology, in a hilly region near Florence (Tuscany). The local climate is temperate and characterized by dry summers and cold winters. Mean annual rainfall is 1024 mm, and mean temperature is 13.4°C. Soil is classified as Fluventic Eutrudepts (Soil Survey Staff, 1999) . Physical and chemical soil characteristics are reported in Table 1 . The experiment started in 1994 and consisted in 24 plots (10 m ¥ 50 m each) split in three blocks with a complete randomization. In two cropping sequences, continuous maize CM, and a three years rotation maizewheat-field bean (Vicia faba minor L.) (MWF) where applied four different tillage systems: i) minimum tillage (MT) double disk harrow (2.5 m wide) at depth of 10 cm; ii) ripper subsoiling (RS) , depth of 40 cm, pegtooth harrow 2 m wide, with one toolbar and five pegteeth; iii) conventional deep ploughing (CP) , mouldboard at a depth of 40 cm using single plough share; iv) shallow ploughing (SP), mouldboard at depth of 20 cm using plough share.
Plots dimension allowed for all agronomic operations using normal farm machinery, reproducing ordinary farm management of the area.
In 2009 soil samples were collected at 0-20 and 20-40 cm depth. On these samples TOC (Yeomans and Bremner, 1988) , TEC and humified carbon (HC) were measured (Sequi and the Nobili, 2001 ).
Soil microbial pool size and activity
In order to evaluate the status of the organic component of the soil some microbial parameters, such as soil respiration, soil microbial biomass C, metabolic quotient (qCO2) and Cmic/TOC were measured only for Fagna and Lodi. The microbial metabolic quotient qCO2 is the ratio of microbial basal respiration to the biomass C and is an index of microorganisms' activity. It acts as an early stage indicator of soil quality since in general it declines when the system approaches to an equilibrium condition, whereas it increases after disturbance (Brookes, 1995) . The Cmic/TOC ratio is an indicator of the size of microbial pool in SOM; it ranges from about 1 to 4% of soil organic carbon and its decrease can suggest either a depletion of microbial resources or that the microbial pool is in a steady-state. In evaluating the microbial activity in soil as function of different impacting factors, such as soil management including crop rotations, no single parameters is able to assess alone the soil quality status, but a combined pool of different indicators is more suitable (Bloem et al., 2006) . In the present study a combination of six biochemical parameters (SOM content, basal respiration, total respiration, microbial biomass carbon content, metabolic quotient and C mineralisation quotient) was used in order to estimate the index of biological fertility (IBF), according to the methodology proposed by Benedetti et al. (2006) .
Results
Lodi
Results obtained in the Lodi's experiment (Table 2 ) are in agreement with data obtained in similar environments. Effects of rotations are different in plots with low and high inputs. After six years, in the low input system, only two rotations showed a decrease of SOM: the monoculture of maize CM (-3%) and the three-year rotations R3 (-2%). The relatively high C sequestration in R1 (+8%) in the LI could be attributed to the reduced tillage in comparison to the HI, where, before sowing the second crops, the soil is ploughed. All other rotations led to an increase of the level of SOM. Particularly relevant was the effect of the permanent meadow, that can be attributed both to higher C inputs from the crop residues and the fact that soil was not tilled along all the 6 years. Indeed the maximum increase of C was registered in the first 15 cm (+25% in LI and 42% in HI), while in the 15-30 cm layer the increase was comparable with the other systems. Similar trends of C dynamic can be seen in the plots receiving a larger amount of FYM, even though the magnitude of C increased due to the additional C input Table 2 . Soil organic matter variation expressed as a percentage of initial value after 6 years from the beginning of the experiment in the top-soil (0-30 cm) unless differently specified.
Rotation
High input Low input
from the FYM. The rotation R1 and CM did not show any beneficial effect from the larger application of FYM in HI, probably due to the increase in mineralization rates. In the second experiment in Lodi we considered how rotations could interact with two different kind of manure: FYM and SLM in the build-up of SOM. In the plots receiving FYM were registered significant increases of C retained in the soil (Figure 1a) confirming that FYM has a relevant positive effect on the amount of SOM in both rotations. Particularly, in the annual rotation we registered an increase of C by 35% and an increase of 13% in the six-year rotation. Figure 1b shows how in the six-year rotation, alfalfa following an intensive cereal-based period, led to a depletion of SOM. Similar results were obtained by Toderi (1991) and were attributed to the increase in mineralization. With SLM application, SOM level kept steady throughout the period of 12 years. Evaluation of soil microbial activity showed that the application of FYM produced an increase of microbial population (Regione Lombardia, 2009) associated to higher activity (Figure 2 ) (i.e. increased soil respiration) and metabolic efficiency (i.e. lower metabolic quotient values; Regione Lombardia, 2009), especially for R1 rotation and, on the whole, a better trend of soil fertility, as indicated by the IBF index. A slightly more decomposed organic matter is revealed by the lower C/N values in the semi-liquid manure treated soils than the FYM treated ones, indicating in the latter a more stable organic matter fraction.
Foggia
In the experimental site of CRA-CER, soils after 16 years from the beginning of the experiment showed a decline of SOC in all rotations, with the exception of the WWBF (Table 3) .
In the column ΔC means followed by a common letter are not significantly different at 1% level.
The decrease of SOC content was more evident in the two monoculture of durum wheat, with and without application of N, and amounted to a total decrease of SOC by about -14% of the initial value or, in other words, to 0.6 t ha -1 yr -1 . The rotation WOBF showed a decline of SOC of about 9 % of the initial value. The rotation including a leguminous WCP performed better than the continuous wheat (-5.2%), but still lost a considerable amount of C (-0.2 t ha -1 yr -1 ). The rotation including irrigated tomato, despite the large amount of residues left by the crop, lost a large amount of C (10.6% of the initial value), probably due to the combination of high temperature and water availability, that made favorable conditions for the mineralization of soil organic matter. The rotation including two years of wheat followed by one year of fallow kept steady the SOC stock throughout all the period. Figure 3 shows the main results of the field research carried out at the experimental farm of CRA-SCA. After 19 years of continuous treatments, the effects of treatments were generally no significant. However, rotations showed to be more effective than other treatments, i.e. tillage and residue management, to affect the soil organic matter, without particular difference among TOC, TEC and humic and fulvic acids (data not shown). In particular, the monoculture (CW) showed to cause a decrease of soil organic matter content and resulted to have a value 5% lower than that measured for the two-year rotation.
Fagna (Florence)
Effects of rotations on the SOC level in Fagna were negligible (Table  4) , although the value of TOC in MWF 0 -10 cm depth were highest under MT and lowest under CP, about 17% higher and 20% lower respectively respect to the field average. In the 20-40 cm depth the highest value of TOC was registered again in the MWF under DP (+12%). Even though, considering all the layer 0-40 cm depth, as average TOC content of the CM system was higher than that of the MWF rotation (9.41 g kg -1 and 8.83 g kg -1 respectively). That is not surprising, because maize is very productive, and generally leaves more residues than wheat and field bean. The TEC and HC (Table 4) at 0-20 cm depth showed significant higher value in rotation than in monoculture. On 20-40 cm depth the HC shoved similar values on rotation and monoculture, except for SP in the rotation evidenced a value higher than 3 g kg -1 . This highlights that the composition of organic matter between CM and MWF was different; particularly the higher humification on MWF indicates a greater stability of organic matter fractions in this cropping system. At 20-40 cm depth this differentiation disappeared and HC showed value not significant different between CM and MFW. Effect of tillage at 0-20 cm depth showed that, RS and SP had higher TOC and TEC than under DP, because of a greater accumulation of organic matter in the surface layers coming from crop residues (Piovanelli et al., 2006; Hernanz et al., 2002 , Franzluebbers, 2002 . At 20-40 cm depth the SP plots showed a higher TOC and TEC content than MT and RS, while DP showed an intermediate value. This is due to the fact that in ploughed plots crop residues were buried in all the soil profile causing an enrichment of deeper layers. The HC content at 0-20 and 20-40 cm did not show significant differences among tillage. The cropping system and the tillage did not impact on the relative size of the microbial pool (Cmic/TOC) (Table 5 ), whereas significant difference in the metabolic quotients was observed between the two cropping systems considered. The lower qCO2 (Table 5) values under maize monoculture seem to indicate a metabolic equilibrium of microflora, which optimizes its energetic requirements through the constant plants inputs, whereas the crop rotation stimulates metabolic activity probably by the return to soil of different types and amount of organic substrates.
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Conclusions
The practice of crop rotation contributed to the maintenance of soil organic matter levels, but was not sufficient by itself if not accompanied by appropriate soil and residues management, such as conserva- tion tillage and residues incorporation (Lodi and Foggia SCA). The durum wheat-based rotations (Foggia SCA and CER), broadly diffused in the dry-land areas of Southern Italy, where external C inputs are not normally applied, are not always capable to maintain the stock of SOM. The year of fallow seems to exert a positive effect on the SOM dynamic, and needs further investigations. In areas close to intensive livestock industries, response of SOM level to FYM and semi-liquid manure application is a function of the complexity of the rotation. The positive effect of animal manure on SOM level is enhanced by the increasing complexity of rotation, and is maximum in the six-year rotation and in the permanent pasture (Lodi).
In Central Italy at Fagna site the practice of rotation with different tillage did not show an increase of SOC content respect to monoculture. Nonetheless the composition of organic carbon underlined that rotation favours a higher rate of humification leading to a more stable organic matter respect to monoculture. With regard to biological fertility, however the higher soil microbial activity under rotation, suggests a better fertility status.
Where, as in Lodi, the effect of rotation is combined to FYM application, the results showed that the increase of SOC is associated also to an increasing trend of soil fertility.
Despite the limited number of study-cases investigated, but representing diffuse Italian agricultural systems, the preliminary results seem to indicate that rotations can have a role in preserving the SOC content by a positive effect on soil biological fertility. Further investigation needs on a broader agronomic and pedoclimatic conditions in order to suggest possible modifications of the standard 2.2 to help preventing soil organic matter depletion.
